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ABSTRACT 
Pongamia pinna/a (L.) Pierre is one a very valuable tree as recent study showed that its seed oil has potential 
to be processed into biodiesel. This has created a high demand for large amount of planting stocks to meet the 
commercial planting. Hence the objective of this study is to determine the best soilless potting media or 
potting mix to produce a healthy P. pinnata seedling in nursery for the plantation. A total of 150 seedlings 
were transplanted equally into six treatment namely 100% of topsoil (as control) (M I), 100% of composted 
sawdust (as control) (M2), 100% of coco peat (as control) (M3), potting mix of topsoil and composted 
sawdust with I:J ratio (M4), potting mix of topsoil and coco peat with I: I ratio (M5) and potting mix of 
composted sawdust and coco peat with I: 1 ratio (M6). The result showed that the treatments were 
significantly affecting the seedlings height, however, the treatments do not affecting seedlings stem diameter, 
total leaf area, leaf number and root shoot ratio. Seedlings growth in M5 had the best height (38.96 cm ± 
3.00), stem diameter (5 .60 mm ± 0.27), total leaf area (252.90 cm2 ± 33.00), leaf number (II leaves), and 
root shoot ratio (0.58 ± 0.06). Seedlings that are smaller in size and have small leaves have higher survival 
rate at planting site. This is because of easy in management and transportation and the transpiration rate is 
low. In addition. the high root shoot ratio showed that the seedling had good root system. Seedlings that have 
good root system are more resist to harsh environment. As a conclusion, M5 is the best potting mix for the P. 
pinnata seedling. 
Keyword: Pongamia pinna/a, soilless media, growth performance, biodiese\, root shoot ratio 
ABSTRAK 
Pongamia pinnata (L.) Pierre adalah sejenis pokok yang berharga kerana kajian baru-baru ini menunjukkan 
biji benihnya berpotensi diproses sebagai biodiesel. Hal ini telah mewlljudkan permintaan yang Linggi 
terhadap bekalan tanaman dalam quantiti yang besar untuk penanaman komersil. Oleh sebab itu, objektij 
kajian ini adalah untuk mengenalpasti media kurang tanah atau campuran media yang paling sesuai untllk 
menghasilkan anak benih yang sihat di nurseri untuk penanaman. Jumlah sebanyak 150 pokok anak benih 
telah dibahagikan sama jumlah kepada enam kumpulan dan dipindah ke enam rawatan iaitu 100% bunga 
tanah (sebagai kawalan) (MI), 100% kompos habuk kayu (sebagai kawalan) (M2) , 100% hampas kelapa 
(sebagai kawalan) (M3) , campuran bunga tanah dan kompos habuk kayu dengan nisbah 1: 1 (M4) , campuran 
bunga tanah dan hampas kelapa dengan nisbah I: 1 (M5) and campuran kompos habuk kayu dan hampas 
kelapa dengan nisbah 1: 1 (M6). Keputusan menunjukkan enam rawatan memberi kesan kepada ketinggian 
anak benih malakala, enam rawatan tidak memberi kesan kepada diameter batang, luas daun, jumlah daun 
dan nisbah akar pucuk. Anak benih yang tanam di M5 adalah terbaik dalam ketinggian (38.96 cm ± 3.00), 
diameter batang (5.60 mm ± 0.27), jumlah luas daun (252.90 cm2 ± 33.00), jumlah daun (J 1 daun) dan 
nisbah akar pucuk (0.58 ± 0.06). Anak benih yang kecil dan mempunyai daun yang kecil menunjukkan kadar 
survival yang tinggi di tapak penanaman. Hal ini kerana anak benih senang diurus dan dipindahkan dan 
kadar trampirasi yang rendah. Tambahan pula nisbah alear dan pucuk yang tinggi menllnjukkan anak benih 
mempunyai sis/em akar yang baik. Anak benih yang mempunyai sistem akar yang baik boleh menahan 
persekitaran yang tidak baik. Sebagai kesimpulan. M5 merupakan campuran media yang terbaik untuk anak 
benih P. pinnata. 
Kala kunci: Pongamia pinnata, media kurang tanah. prestasi pertumbuhan. biodiesel, nisbah akar pucuk 
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1.0 INTRODUCTION 
The state of Sarawak has about 6 million hectares of Permanent Forest out of 12.8 million 
ha of land mass (Chief Minister of Sarawak, n.d). The increasing demands in timber as 
well the opening of land for oil palm plantation has put pressure to existing forested area. 
In order to overcome the problems, Malaysia has turned to forest plantation. Many plans 
had been develop on how to replanting trees in order to fill the empty spaces and replace 
the unwanted species. Some fast growing and site specific species had been selected for 
the plantation programmed. The state of Sarawak had targeted to establish 1 million 
hectares of forest plantation in IS years starting from 2005 (Sarawak Forestry Corporation, 
2006). This shows that approximately 46 million planting stocks are needed every year at a 
plantation with a planting density of 700 trees per hectare. For the large scale of plantation, 
large number of quality seedlings is needed to be produced and store in the nursery for at 
least 4-12 months (depending on the tree species) before these seedlings can be planted in 
the field. Therefore, the size of the seedling is the important factor on planting survival and 
growth. 
Traditionally the seedlings are raise in polybag filled with soil, but it is heavy for a planter 
to handle in large number in the field. In recent years, many forest plantations have tum to 
soilless media to raise the planting stock in the field. The ingredients of the media must be 
readily available to the area; therefore different area will used different types of soilless 
media. For examples South Kalimantan's nursery developed medium based on peat 
meanwhile Thailand's nursery used mixture of processed coconut husk or coco peat as 
potting media (Miller & Jones, 1995). Common soilless media include coco peat, peat 
moss and composted sawdust. Some more expensive potting media are Perlite and 
Venniculite that are already being commercialized. Many countries started to raise the 
2 
seedlings using soilless media for example Canada is using peat moss to culture tomatoes 
(papadopoulos, 1991). According to Papadopoulos (1991), peat moss is lightweight, good 
water holding capacity, drainage, aeration, and biologically and chemically stable. In 
addition, peat moss can be used alone or mix with another soilless media such as 
venniculite and it is an important organic media for tomato cropping in Canada 
(papadopoulos, 1991). Based on Papadopoulos (I 991), Vermiculite is widely used in 
Amdhra Pradesh, India. 
The use of soilless potting media could reduce nursery operation cost. Besides, they are 
easy to get, very light, easy to carry and importantly its function similar to top soil. Various 
types of crops and plant are cultivated using alternative potting media in order to produce 
large amount of seedlings and for the forest plantation. P. pinnata is one of them and it is a 
very valuable tree where the whole tress has functions. Recently, researchers found that 
seed oil of P. pinnata, has the potential as diesel engine fuel (Goembira & Saka, 2011) and 
the experiments are still carrying on. After many years of overexp\oitation on P. pinnata 
for various uses which include experiments apart from product production, medicine and 
fuels. Many countries already planted this tree for its value, but some still harvest it in the 
wild. 
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1.1 Problem Statement 
For large scale planting, huge amount of quality seedlings need to be raised. At the same 
time the seedlings are easy to handle in the field. Traditionally, planting stock usually 
raised in black polybag filled with soil which is quite heavy to man-handle during planting. 
Thus, the need to look for much lighter potting media or potting mix as well as smaller 
pots is important. Several studies had been conducted elsewhere using different pot sizes 
and using alternative potting media, especially soilless media to raise large a number of 
planting stock. Soilless media such as fine coconut husk (commonly known as coco peat) 
has been used to replace soil in many forest nurseries in Sarawak. For example, SPF has 
been using 100% coco peat for their potting media to raise the seedlings. However, there 
are only a few reports that could verify the advantages of using soilless media like coco 
peat for raising forest species. 
1.2 Objectives of Study 
The objective of this study is to determine the best soilless potting media or combination of 
soilless media to produce a healthy P. pinnata seedling in nursery for the plantation. The 
specific objectives are as follow: 
a. 	 To evaluate the effect of different types of potting media on the growth of P. 
pinnata seedlings. 
b. 	 To determine the best potting media for growing P. pinnata in the nursery. 
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LITERATURE REVIEW 
Pongamia pinnata (L.) Pierre 
'tIIfgOm;a p;nnata (L.) Pierre is belongs to family Fabaceae (Francis et aI., 2008) and the 
_ family of this species is Papilionaceae (Sangwan et aI., 2010). P. pinnata is belongs to 
pongamia and genus Pongamia also known as Millettia (Csurhes & Hankamer, 
2010). Hao et al. (2006) claimed that P. pinnata is the only species for genus Pongamia, 
according to Tomlinson (1986), there is another species from genus Pongamia which is 
Pongam;a velutina. P. velutina is one of the threatened species in the IUCN Red List, this 
ies is native from Papua New Guinea and the major threats of this species are its 
distribution is limited (Tomlinson, 1986), local exploitation and render the species 
I : P. pinnala tress. Figure 2: P. pinna/a flowers. Figure 3: P. pinna/a seeds. 
name for P. pinnata for example, in English is pongam, 
:'-'lllSbore mempari and mullikulam tree, while Indonesian call it kranji and so on. However 
trade name is kanji, pongam and karanga. P. pinnata also have various varieties such as 
fqllgaJ",ia glabra Vent.Var. minor Benth and Pongamia pinnata (L.) Pierre var. hannii 
(Csurhes & Hankamer, 2010). According to Scott et al. (2008) and supported by 
Highlights (1997), P. pinnata originally from India subcontinent and south-east Asia, 
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it normally distributed along the coasts and river banks and it also successfully introduced 
to humid tropical countries such as Australia, New Zealand, China and the USA. 
Basically P. pinnata grow on humid and subtropical environment where the annual rainfall 
is range from 500 to 2500 mm. P. pinnata is a success tree because matured tree can 
withstand water logged and slight frost (NFT Highlights, 1997; Dwivedi et aI. , 2011). It 
can withstand high environment temperature until 38·C and low temperature I·C (NFT 
Highlights, 1997). Besides that, it also can grow well on various soil types which include 
stony, sandy, clayey soil and also vertisols, provided the water content in the soil is 
adequate for it. In addition, P. pinnata also can adapt to high salinity soil, therefore 
normally it can be found along the seashore (NFT Highlights, 1997). 
2.2 Economic Importance ofPongamia pinnata (L.) Pierre 
Pongamia pinnata is one of the very valuable trees as recent study showed that its seed oil 
can be processed to diesel. This outcome has increase the world interest on further study on 
this species. Extraction of the seed contains around 30% to 40% of oil that can be 
processed to diesel by transesterification method (Sangwan et aI., 20 I 0). According to the 
study done by Shamee1 et al. (1996), P. pinnata seed oil were divided into saturated fatty 
acid methyl esters and unsaturated fatty acid methyl esters. Saturated fatty acid consists of 
approximately 1.77% of Tridecylate, 18.58% of Palmitate and 29.64% of Stearate. While 
unsaturated fatty acid consists of approximately 0.88% of Hiragonate and 
Octadecatrienoate respectively, 2.21% of Heptadecylenate, 1.77% of Linoleate and 44.24% 
of Oleate. Based on the study done by Meher et al. (2006), the transesterification of the P. 
pinnata oil was carried out using solid basic catalyst. Alkaline metal-impregnated calcium 
'de catalyst can yield about 94.9 wt-% of methyl esters after 8 hours and temperature at 
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65·C of reaction which is 12: I ratio of methanol to oil. However, the yield was decrease 
when the amount of Free Fatty Acids was increased. Due to the acid value of 0.36 mg 
OHig and high ester content of purified P. pinnata methyl ester, it is suitable as biodiesel 
(Meher et aI., 2006). 
Tnditionally, P. pinnata is used as medicinal purpose especially in India (Arote & Yeole, 
2010). However, other countries also use P. pinnata in medicinal purpose. For example, in 
the Philippines, the leaves extraction by boiling is used to treat children bronchitis and 
cough. The juice of the leaves can treat itches and herpes. Besides that, juice of roots used 
to clean foul ulcers (Philippine medicine plants, 20 II; Arote & YeoIe, 2010), closing 
fistulous sores and cleaning gums and teeth (Arote & YeoIe, 201 O).Pounded roasted seeds 
use to treat sin disease by apply it on affected area. In addition, flowers are used to treat 
diabetes (Philippine medicine plants, 20 II). According to Arote and Yeole (2010), crude 
seed extraction can completely inhibit the growth of herpes simplex virus, anti-oxidative, 
anti-ulcerogenic and anti-inflammatory. According to the study done by Brijesh et al. 
(2006) on action of infectious diarrhea, the decoction of dried leaves of P. pinnata did not 
have antibacterial activity, it did not stop the growth of V cholerae, and however, it 
prevented the production of cholera toxin. This shows that decoction of dried leaves of P. 
pinnata effect on bacterial metabolism and do not reduce the number of bacteria. 
P. pinnata was planted in large-scale in some countries such as Queensland, Hawaii 
(poteet, 2006) and India. Study was done by Pandey et al. (2010) in Madhya Pradesh, India 
on the growth performance of P. pinnata seedlings from different progenies. Based on 
Pandey et al. (2010), P. pinnata has been found to be one of the most suitable species that 
be planted in India and the grow performance of the progenies from various source 
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was all growing well in India. Data gained from this study are very useful to increase the 
confident of the pLanter to plant P. pinnata in targe-scale in India. Besides that, P. pinnata 
also planted in large-scale in Queensland and evaluation on the potential impacts of the 
plantation was done by Csurhes and Hankamer (2010). According to Csurhes and 
Hankamer (2010), currently there is no significant negative impact of the plantation to 
Queensland. 
By-product of P. pinnata such as the left over component of seeds after extraction contain 
high amount of protein which is up to 30%. This is suitable as animal fodder. However, the 
P. pinnata cake contains certain amount of toxic such as Furanoflavones keranji and 
pongamol (Scott et aI., 2008; Prabhu et aI., 2001) which will harm the livestock. Therefore, 
detoxification needs to carry out to reduce the amount of toxic in the cake. Basically, the 
cake will be soaked inside the water to leach out the chemical and autoclave with lime to 
remove the protease inhibitor. Besides that, leaves of P. pinnata also have properties that 
suitable as animal fodder (Scott et aI., 2008). 
1.3 Seed Germination 
Germination is the active growth of the embryo in the seed at favorable condition until the 
seed coat is ruptured and the radicle emerged (Copeland & McDonald, 2001). In order for 
the seed to genninate, three conditions must be fulfilled. Firstly, the seeds must be viable; 
ndly the seeds must be at the appropriate environmental condition and lastly is the 
seed donnancy must be overcome (Arteca, 1996). There are two types of seed germination 
which are epigeal gennination and hypogeal gennination. The different in pattern of 
prmination is because of the seed structure (Copeland & McDonald, 2001). Germination 
be measured by three parameters which are by gennination percentage, germination 
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rate and gennination uniformity (Hossain et aI., 2005). According to the study on 
Adenanthera pavonina by Adkins (1994), manual scarification, immersing the seeds in the 
boiling water or treatment with sulfuric acid has shown significantly increase in the 
gennination percentage. Seeds can be directly sown in the field or in a nursery after 
treabnent. The gennination rate depends on the species and the seed size. The germination 
rate and gennination percentage of seeds varies from year to year, from region to region 
and even from plant to plant. Generally, viable seed will germinate within 7-10 days (C. 
Baskin, & 1. Baskin, 2001). The young seedlings may be reach height of 8-15 cm in 
approximately three months. Seedling may be reach maturity when the height reaches 20­
30 cm. There are many factors that affect the germination of the ornamental plant seeds. 
The factors can be classified into two categories. They are environmental factors and seed 
donnancy. Environmental factors that influence the seed germination are water, air, 
temperature and light (Copeland & McDonald, 2001). One of the most important 
environmental factors for ornamental tree seed to germinate is temperature. Most of the 
ornamental tree required high temperature for rapid and uniform germination. 
U Growth of Plant 
Growth generally defined as the irreversible increase in mass, dry weight and volume of 
the organism. According to Berg (2008) growth of plant takes place at two poles which are 
shoot tip and root tip and these areas are called meristem. Basically growth of plant 
involves three phases which are cell division, cell elongation and cell differentiation. 
During cell division phase, a matured cell will undergo mitosis to form two identical 
daughter cells and this will increase the number of cell at the shoot tip or root tip (Berg, 
2008). Therefore, there will be increase in size of the growing point. During cell elongation 
the osmotic turgor pressure which generated by the solutes within the cell pushes 
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•• _Iy in all directions, therefore the plant cells are expand (Berg, 2008; Doonan & 
__IS, 1986). The cell is supported by the strong cell wall to prevent cell burst. In cell 
_.lItiatic)n phase, the enlarged cells differentiate into specific type of cell with specific 
. IIIItIkJllsuch as mesophyll cell (Sharma, n.d.). 
are several parameters to measure the growth of plant including the length, area, 
eter are measurement of height, the length of root, length of internode of the plant. In 
band, example for the parameter area is to measure the surface area of the leaf. The 
is growth when the diameter of the trunk is increase, this is because of the secondary 
which is only for trees. Besides that, fresh mass and dry mass of the plant also can 
*lcani·ine grow of the plant, the fresh mass and dry mass of the plant will increase as the 
growand this is because the number of the tissues are increase when plant grow. 
Essential Elements for Plan·t Growth 
is similar with other living organisms need food for the growth and development. 
rding to Uchida (2000), there are 16 types of essential elements that plant needed for 
growth and development; this also supported by Tucker (1999). The essential elements 
divided into two major groups; they are non-mineral and minerals (Plant nutrient, n.d.). 
non-mineral elements consists of Carbon (C), hydrogen (H) and oxygen (0), these 
OIaInents can be obtained from the atmosphere and soil water (Uchida, 2000; Tucker, 1999; 
PIiIIIl nutrient, n.d.). Meanwhile the mineral elements are sub-groups into primary, 
aecondary and micronutrients, primary nutrients consists of nitrogen (N), phosphorus (P) 
and potassium (K); secondary nutrients consists of calcium (Ca), Magnesium (Mg) and 
(S) and micronutrients are boron (B), molybdenum (Mo) and chlorine (CI) (Tucker, 
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1999; Plant nutrient, n.d.). All these mineral elements are supplied from soil minerals, soil 
OIpIlic matter and fertilizers (Uchida, 2000; Plant nutrient, n.d.). Based on Uchida (2000), 
light intensity, temperature and water supply play important role in the effective utilization 
of the essential elements by plant. The optimum nutrient range and minimum requirement 
level of the nutrients of each plant is different and this shows that each plant is unique 
(Uchida, 2000). 
Primary Nutrients 
Primary nutrients consists of nitrogen (N), phosphorus (P) and potassium (K), based on 
Tucker (1999) primary nutrients are uti lized in the largest amounts by the plant for their 
growth and survival especially crops, therefore, these nutrients always lacking from the 
soil (Plant nutrient n.d.). Each of these elements play different role in plant growth and 
development. Nitrogen (N) is taken up by plant as nitrate (N03-) and it is require in the 
largest amounts by the plant to promote the growth (Parker, 2010), increase leaf size and 
quality, faster the crop maturity and promotes fruit and seed development (Tucker, 1999; 
Plont nutrient, n.d.; Mengel et aI., 2001). Besides that, nitrogen is essential for the protein 
formation, it is require in enzyme and metabolic reaction and it is also a major part of the 
chlorophyll molecule (Uchida, 2000; Plant nutrient, n.d.). Nitrogen is the mobile element, 
therefore the deficiency symptoms are shown at the older leaves (Uchida, 2000; Tucker, 
1999). Plant that is deficient in nitrogen shows slow stunted growth, chlorosis occur and 
usually start at the leaf tip, at severe condition, the older leaves are death and drop (Uchida, 
2000; Tucker, 1999). Nitrogen deficiency can reduce the flowering of some crops (Uchida, 
2000) hence results in low yield (Tucker, 1999). 
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